Dementia with Lewy bodies is one of the most common causes of dementia. It is not as common as Alzheimer's disease; the general public's awareness of the disease is poor in comparison. Its effects on caregivers and patients alike are not well known to the general population. There are currently no FDA-approved medications specifically for the treatment of DLB. Many of the medications that are approved for Alzheimer's disease are widely used in the treatment of DLB with varying degrees of success. Treatment of DLB is life long and requires a dedicated team of physicians and caregivers to minimize the degree of morbidity and mortality experienced by the patients suffering from the disease as it progresses.
INTRODUCTION
Dementia is defined as measurable cognitive impairment in conjunction with an impact on activities of daily living. It encompasses a broad constellation of conditions including neurodegenerative disease. Dementia often includes difficulty with language, memory, impulsivity, and communication and additionally can lead to changes in behavior and mood. Dementia with Lewy bodies is one of several neurodegenerative diseases that can lead to dementia and its associated symptoms in patients. Patients who are diagnosed with dementia with Lewy bodies often have no family history of the disease. The disease is caused by an accumulation of alpha-synuclein protein within neurons in the brain; these protein aggregates are known as Lewy bodies [1] .
Incidence/Prevalence
In 2002, it was estimated that 3.4 million people in the USA over the age of 71 years had dementia of some kind. Increasing age is the most significant risk factor for developing dementia; prevalence increases from 5.0% in the age range of 71-79 to 37.4% in those aged 90 or older [2] . Alzheimer's disease is the most common cause of dementia in the USA. Dementia with Lewy bodies and vascular dementia are widely considered to be the most prevalent causes of dementia after Alzheimer's [2] [3] [4] . As the proportion of the population that is elderly increases, proper prevention and treatment of dementing conditions are imperative because of the wide-ranging implications for patients and caregivers alike. The incidence of DLB is strongly associated with increasing age and male gender. The difference in incidence between men and women is not currently explained but may be due to endocrine, genetic, environmental, and other factors [5] . Historically, the diagnosis of DLB has been confounded because of lack of consensus on diagnostic criteria as well as its similarities to other dementing conditions. Thanks to new criteria that aid identification, the incidence of DLB has been found to account for approximately 1 out of 25 new diagnoses of dementia in the general population. In secondary care, DLB accounts for 1 out of 13 new diagnoses of dementia-this is likely due to greater awareness of diagnostic criteria among specialists [3] .
Morbidity/Mortality
Dementia with Lewy bodies has significant implications for the health and well-being of patients. Outcomes in patients who suffer from DLB are poor, particularly when contrasted with patients who have AD. Patients with DLB have more neuropsychiatric features at initial presentation as well as follow-up than patients with AD. The risk of hospitalization or death due to adverse events such as falls and respiratory infections is greater in DLB than AD. Despite the differences in the frequency of adverse events, reviews have shown there is little difference in the rate of decline of cognitive and neuropsychiatric function among vascular dementia, AD, and DLB [6, 7] . Median age at death is similar between AD and DLB; however, the time from diagnosis to death is shorter in DLB than AD. This may be partially explained by a delay in diagnosis of DLB. This exemplifies the importance of refined and accurate diagnostic criteria for DLB. Survival time from presentation of symptoms as well as from presentation to psychiatric services is similar between DLB and AD patients [8] . The environment has been observed to have an effect on the mortality of patients who suffer from DLB. Mortality risk in DLB patients is particularly increased compared with Alzheimer's disease patients in a nursing home setting [9] . Patients with DLB have limited mobility and rely heavily upon caregivers to prevent falls and other injuries. Without active caregivers, complication rates in DLB patients are high. Additional factors that can expedite mortality in DLB include: neuroleptic sensitivity, potentially higher rates of hospitalization due to delirium/ encephalopathy, and higher rates of orthostatic hypotension/autonomic dysfunction.
Impact
The impact of dementia is not limited to the patients. The financial impact of DLB on patients and caregivers tends to increase as the disease progresses [10] . Besides financial concerns, caregivers have reported on surveys that they have fears of the future excessive stress, loss of a social life, and uncertainty about what to do next. Many caregivers report feelings of isolation, and no one can understand the responsibility that they have. A valuable tool that many caregivers of patients with dementia utilize is respite care or hired inhome assistance. However, only a minority of caregivers have been found to utilize these services to help them care for their loved ones who have DLB [11] . Patients who suffer from DLB have loss of independence early on in the course of their disease, including reliance on caregivers to complete activities of daily living [12] . Quality of life is adversely affected in DLB: compared with their peers who suffer from Alzheimer's disease, DLB patients have been found to have greatly reduced quality of life measurements on assessment regardless of whether or not quality-of-life assessments were performed by caregivers or patients. Delusions and apathy, common in patients with DLB, are strongly correlated with diminished quality of life [13] . Establishing a diagnosis for DLB can be difficult, despite the advent of new diagnostic criteria. The diagnostic process of DLB is often frustrating for caregivers and patients alike. Half of the caregivers of patients from a web-based survey reported seeing over three doctors for more than ten visits before the diagnosis of DLB was established. While neurologists were reportedly responsible for 62% of these diagnoses, primary care physicians were only responsible for 6%. This provides evidence for a disproportionate misunderstanding of the diagnostic criteria, or lack of recognition, among primary care physicians compared with specialists [14] . The importance of making a correct diagnosis in degenerative dementia is crucial to patient outcomes. Objective measurements of disease burden show that diagnosis of DLB leads to a three-fold increase in resource utilization in addition to the significantly lower reported quality of life compared with a diagnosis of Alzheimer's disease [13] .
The aim of the current study is to provide an overview of the current diagnosis, treatment, and investigational work being conducted in patients with DLB. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
RECOGNITION/DIAGNOSIS

Neuropathology
The clinical symptoms of dementia with Lewy bodies can often overlap with those of Alzheimer's and Parkinson's diseases. It is important to note that mixed pathology cases commonly occur; in certain studies distinguishing features of both DLB and AD have been seen in up to half of research patients at autopsy [15] . Lewy bodies, the hallmark brain histopathology of DLB, are not specific to DLB. These protein aggregates are also found in other diseases including multiple systems atrophy and Parkinson's disease. A key histopathologic difference in these conditions is the distribution of these alpha-synuclein aggregates. In Parkinson's disease, they are found primarily within the dopaminergic neurons of the substantia nigra within the brainstem. In DLB, the Lewy bodies are diffusely distributed throughout the cortices of the brain [16] . Another key difference in neuropathology between Parkinson's and DLB is the microscopic appearance of these Lewy bodies: the cortically distributed Lewy bodies of DLB are less eosinophilic, less distinctly demarcated, and less filamentous than those of the Lewy bodies of the brainstem in PD [17] . Lewy bodies have been found in familial AD, AD associated with Down's syndrome, and sporadic AD, most commonly restricted to the amygdala [18] . There is some thought that, due to the heterogeneous nature of the deficiencies in neurotransmitters associated with Alzheimer's disease, DLB and other neurodegenerative diseases, they represent a spectrum of disease rather than solitary and distinct conditions. Skeptics argue that, due to the varying presentation of Lewy body disease among affected patients, it is possible that DLB is just a subpopulation suffering from an already known and recognized disease possessing uniquely differentiating characteristics (e.g., neuroleptic sensitivity) [19] . While it is important to consider similarities between the various neurodegenerative disorders and the likelihood of mixed pathology cases, current understanding of the available literature requires clinicians to utilize a similar but individually tailored approach to treatment of patients with these different diagnoses. Finally, this heterogeneous pathologic milieu may also have implications for the targeted approach of current experimental treatments of these conditions and likely implies a need for in vivo characterization and tailored multifaceted approaches.
Clinical Features
Lewy body dementia is an umbrella term that encompasses both Parkinson's disease dementia and DLB. In a clinical setting, it may be difficult to distinguish between DLB and Parkinson's disease dementia if the temporal relationship between symptoms has not been well documented. Generally the onset of dementia and parkinsonism occurs concurrently in DLB. In research, applying a 1-year rule between the onset of parkinsonism and dementia can help distinguish between DLB and Parkinson's disease dementia [20] . In contrast, the mean duration of Parkinson's symptoms prior to dementia in Parkinson's disease dementia is 10 years [21] . The Consortium on Dementia with Lewy Bodies recommendations and consensus criteria have recently been revised and improved. These changes were put in place with the goal of increased sensitivity in the detection of the disease in the hopes of improving on what was previously seen as unsatisfactory accurate diagnosing of patients suffering from DLB [3, 20] . Diagnosis of DLB depends on the presence of core clinical features in the setting of a progressive dementia, which often has cognitive deficits in attention, executive functioning, and visuospatial abilities. The core clinical features, supportive clinical features, core (indicative) biomarkers, and supportive biomarkers are included in Table 1 . Diagnosis of DLB can be further differentiated between ''probable'' and ''possible'' diagnosis. ''Probable'' DLB can be diagnosed if (in addition to dementia) either two of the core clinical features are present with or without the presence of indicative biomarkers or only one core clinical feature is present alongside one or more of the indicative biomarkers. ''Possible'' DLB can be diagnosed if only one core clinical feature of DLB is present with no indicative biomarkers or if one or more of the indicative biomarkers are present but there are no core clinical features [20] .
Dementia is the essential hallmark symptom of DLB. Dementia by definition must be severe enough to interfere with a patient's day-to-day functioning, often interfering with occupational and social activities. Screening tests such as the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MOCA) have utility in screening a patient's overall mentation and impairment. These tests alone may not be adequate in establishing a conclusive neurocognitive assessment in DLB patients. A thorough assessment for DLB involves in depth testing of the most commonly affected domains of cognition including visual processing, attention, and executive function. In contrast to early memory impairment of AD, memory impairment of DLB is not an early prominent feature, instead appearing later in the course of the disease [17] . Comparisons of cognition between DLB versus AD and DLB versus normal controls have shown significant deficits in attention/concentration, visual perception/construction, naming, letter fluency, and verbal memory in the DLB groups. In distinguishing between patients with DLB and AD, particular attention should be paid to trailmaking tests and complex figure copying. Both AD and DLB patients have impairments in attention and visual perception/construction tests compared with normal controls. However, DLB patients have impairments to a much greater extent [22] . Fluctuations in cognition are a core clinical feature of DLB. These fluctuations are most useful in distinguishing DLB early in the course of the disease. The qualitative features of the cognition fluctuations in DLB are generally regarded as their distinguishing feature compared with the cognitive fluctuations of other dementing conditions. Studies that assess caregiver perceptions of cognition fluctuations provide descriptions such as episodes of ''blank staring'' or disengagement in DLB in contrast to the episodes of confusion (such as repetition of conversation or task-based/situational confusion) common to AD. Episodic confusion in DLB patients has been observed to have confabulatory or delusional qualities as well. Additionally, daytime somnolence is reported more frequently among caregivers of DLB patients. Cognitive fluctuations regardless of description have been shown to be more frequent in DLB patients than in those with AD [23] .
Visual hallucinations are prevalent in patients who suffer from DLB, occurring in up to 80% of patients. These hallucinations are often described as people, children, or animals. Other visual perceptive symptoms such as flashing lights, visual patterns, and shadows have been reported. Patients may respond to these hallucinations with varying degrees of insight and emotional reaction [20] . Visual hallucinations at initial presentation have a very strong positive predictive value for a diagnosis of dementia with Lewy bodies (and lack of visuospatial impairment being the best negative predictor for the disease) [24] . The presence of early, severe visuospatial deficits is a good indicator for the development of visual hallucinations. DLB patients who have severe visuospatial deficits early on in the course of their disease are more likely to develop these visual hallucinations than patients with more mild deficits [25] . Clinical observation or reporting on thorough history taking of visual hallucinations and generalized visuospatial impairments are very important for the differentiation between DLB and AD. Like visual hallucinations, auditory and tactile hallucinations have been reported in patients with DLB to varying degrees, although to a lesser extent [26] . These hallucinations can occasionally lead to episodes of disabling psychosis; however, caregivers should exercise caution in the use of neuroleptic medications.
Neuroleptic sensitivity is a widely recognized feature of DLB. Reactions to neuroleptics in these patients can include paradoxical agitation, increases in parkinsonian motor and extrapyramidal symptoms, and neuroleptic malignant syndrome. Severe neuroleptic sensitivity in DLB patients has been observed to be associated with increased mortality and markedly decreased survival time from onset of Parkinsonian motor symptoms are common in DLB, with up to 85% of patients experiencing them [20] . Motor symptoms of DLB patients are similar to PD patients. These symptoms primarily include rest tremor, bradykinesia, muscular rigidity, and axial instability/gait disturbance. In the authors' clinical experience, rest tremor is less prevalent in DLB than in idiopathic Parkinson's disease, and this is also supported by some limited published data [28] . Another study showed more bradykinesia, more severe action tremor, and more rigidity than in idiopathic Parkinson's patients [29] . This implies that factors other than nigral cell loss may contribute to EPS symptoms in DLB patients.
REM sleep behavior disorder is a commonly reported core clinical feature of DLB. REM sleep behavior can precede DLB by many years and, in some cases, even decades [30] [31] [32] . Among REM sleep behavior disorder patients, cognitive tests that evaluate executive functions and attention have been shown to reliably predict eventual development of dementia [33] . Patients with DLB who have probable REM sleep behavior disorder also have been found to have earlier and more rapid onset of the core clinical features of DLB, including parkinsonism and hallucinations [34] . Polysomnography may be helpful to definitively diagnose REM sleep behavior disorder and rule out other etiologies of sleep disturbance among DLB patients and is one of the core (indicative) biomarkers.
Dysautonomia, while not generally considered a core clinical feature of dementia with Lewy bodies, is a supportive feature in the diagnosis of the disease. Symptoms of autonomic dysfunction include orthostatic hypotension, tachycardia, incontinence, and constipation [20] . This dysautonomia in patients with DLB is associated with shorter survival. The symptom of dysautonomia that is most closely correlated to decreased survival is orthostatic hypotension; the symptoms of constipation and incontinence are obviously disabling, but are not particularly specific to autonomic dysfunction as they are common in the elderly populations [35] . Delusional thoughts can occur in DLB with the most common delusion being Capgras syndrome. In this syndrome, the patient believes that his loved one is an ''imposter.'' Clinically, patients will often question their spouse and ask where their spouse is. They will ask ''are we married?'' They may recognize that there are multiple copies of their spouse and can either name or designate which version of their spouse is present. In the clinical experience of the authors, Capgras is the most common delusion, and it is more prevalent in DLB than in other types of dementia.
Biomarkers/Imaging
Biomarkers can be helpful in the diagnostic process of DLB. The diagnosis of probable DLB can be made if one or more of the indicative biomarkers is associated with one or more of the aforementioned core clinical features. If dementia is present in the absence of core clinical features but with one or more of the indicative biomarkers, probable DLB is instead diagnosed [20] . Low dopamine transporter reuptake in the basal ganglia shown by SPECT or PET imaging is a now widely accepted indicative biomarker for probable DLB. Sensitivity for DLB diagnosis with one of these scans has been shown to be 78%, with a specificity of 90% for excluding non-DLB dementia (primarily AD). This can be helpful in differentiation between DLB and AD [36] . Reduced uptake of 123 iodine-MIBG on myocardial scintigraphy is another widely accepted indicative biomarker for DLB. Further decreased uptake of 123 iodine-MIBG has been shown to correlate with increased severity of cognitive impairments between patients with severe impairments compared with those with mild or moderate impairments, as well as between patients with and without orthostatic hypotension [37] .
123 I-MIBG myocardial scintigraphy has also been shown to reliably predict conversion to probably DLB from possible DLB [38] .
123 I-MIBG myocardial scintigraphy is more widely available in Europe and less available in the US. A third indicative biomarker for DLB is the presence of distinctive polysomnographic findings showing REM sleep that occurs without atonia. One retrospective study over an 11-year period of DLB patients who underwent PSG showed 96% experienced REM sleep without atonia [39] .
Supportive biomarkers have been found to be consistent with the diagnosis of DLB, but their diagnostic specificity for the condition is not entirely clear. For this reason, they are not considered in the diagnosis of probable or possible DLB [20] . In most practices, and according to the American Academy of Neurology practice parameter for dementia [40] , MRI or CT scans of the brain are routinely obtained in patients with suspected DLB. Certain findings on the structural neuroimaging can be supportive in the diagnosis. Unlike AD patients, DLB patients have been found to have minimal atrophy of their medial temporal lobes on brain imaging. This temporal lobe atrophy has been found to be more consistent with the tangle histopathology of AD than with the diffuse Lewy body histopathology of DLB [41] . SPECT and PET scans serve as additional supportive biomarkers for DLB when there are signs of generalized decreased perfusion/metabolism in patient brains, particularly when they are in the occipital region. SPECT perfusion measurement of cerebral blood flow using 99m Tc-hexamethylpropyleneamine oxime (99mTc-HMPAO) has been shown to have 65% sensitivity and 87% specificity for DLB diagnosis against AD [42] . Brain imaging of metabolic function with glucose ( 18 F-FDG) PET scanning has been shown to be superior to 99mTc-HMPAO perfusion scanning for accurate distinction between DLB and AD, with a sensitivity of 70% and a specificity of 74% [43] . Despite their utility in distinguishing between AD and DLB in research, these tests do not have proven accuracy at the levels necessary to be considered as indicative biomarkers in the new diagnostic criteria for DLB [20] . EEG is not routinely used in the diagnosis of dementia, but has displayed utility in differentiation between DLB and AD when practitioners need additional data to distinguish between the two clinically. EEG in DLB patients has shown theta/delta waves in posterior and anterior/temporal deviations, as opposed to a majority of AD patients showing alpha waves in posterior deviations [44] . Genetics and fluid studies do not currently have any established utility in the diagnosis of DLB. Genome-wide association studies of patients who suffer from DLB, utilizing genotyping arrays, showed associations among the APOE, SNCA, GBA, BCL7C/ STX1B, and GABRB3 loci and a positive diagnosis of DLB. Interestingly, the APOE locus has previously been shown to be associated with diagnoses of DLB and AD. This same study estimated the heritability of a diagnosis of DLB to be about 36% [45] . CSF studies may be helpful in distinguishing between DLB and other forms of dementia. The CSF of patients with DLB, like patients with AD, often contains increased amounts of tau protein. Higher concentrations of CSF tau have been correlated with earlier mortality in DLB patients [6] . Measurements of Ab peptide in CSF has been shown to be different in patients suffering from asynucleinopathies from control patients. One such study showed that CSF levels of Ab1-42 in DLB patients were decreased compared with patients who served as non-demented controls. This is similar to what has been seen in comparisons between AD patients and non-demented controls [46] .
TREATMENT/MANAGEMENT
No cure or disease-modifying treatment for dementia with Lewy bodies exists. Treatment of dementia with Lewy bodies is complex and requires a team of multidisciplinary caregivers. The goal of treatment is to relieve the burdens posed by the many symptoms of the disease in addition to educating patients and caregivers about what to expect during the course of the disease. The pharmacologic interventions used for treatment of the disease potentially slow progression but do not stop it. Care of DLB patients requires using appropriate interventions (pharmacologic and non-pharmacologic) that are life-long and require adjustment to maintain optimal care throughout disease progression. Although there are no medications currently FDA approved for the treatment of dementia with Lewy bodies, medications currently used in the treatment of DLB have significant overlap with those that are FDA approved for the treatment of Alzheimer's disease. When considering the use of medication in DLB treatment, the medical benefits must be weighed against possible adverse effects from the use of these medications.
Cholinesterase Inhibitors
Cholinesterase inhibitors are one of the main pharmacologic treatments for dementia with Lewy bodies. They have been extensively studied for the treatment of Alzheimer's disease. The function of these pharmacologic agents is to increase the levels of acetylcholine within the brain, as acetylcholine is crucial to the maintenance of cognitive functions. Choline acetyltransferase, an important enzyme in the synthesis of acetylcholine, has been found to be more deficient in patients with DLB than in patients with Alzheimer's disease [47] . This cholinergic deficiency is thought to contribute to the neuropsychiatric symptoms of DLB. Cholinesterase inhibitors have shown efficacy in the improvement of cognitive functions of patients diagnosed with DLB. Many cholinesterase inhibitors are available for use in DLB; these include donepezil, rivastigmine, and galantamine. A comparative analysis of the three showed global improvement of cognitive and neuropsychiatric measures in DLB patients with their use; none of the three were found to have greater efficacy than the others [48] . Donepezil appears to be the most well studied and widely used of the cholinesterase inhibitors in the treatment of DLB. It was approved in 2014 for the treatment of DLB in Japan [49] . In randomized controlled trials, when compared with placebo, donepezil has been shown to improve mental status [50] and overall behavioral, cognitive, and global function in patients with DLB [51, 52] . In patients where donepezil is well tolerated at a lower dose without adverse effects, increasing the dose from 5 to 10 mg/day can improve cognitive function further [51. Multicenter open-label studies have proven the long-term safety of donepezil for the treatment of psychiatric and cognitive function [53] . One review of the available literature has shown that the use of donepezil in patients with DLB is effective in the treatment of neuropsychiatric symptoms [54] . Donepezil has been shown be relatively safe to use in patients with DLB without exacerbating existing extrapyramidal symptoms in long-term use [55] . Rivastigmine, another acetylcholinesterase inhibitor used in DLB, has shown efficacy in randomized controlled trials for treatment of DLB compared with placebo [56] . It is FDA approved for the treatment of mild-to-moderate Parkinson's disease dementia, which by definition is a type of Lewy body dementia [57] . Galantamine, a third acetylcholinesterase inhibitor used in DLB, has been investigated extensively for the treatment of Alzheimer's disease. However, no randomized controlled trials have been completed for galantamine in the treatment of DLB. An openlabel investigation of galantamine showed significant improvement in cognitive deficits and visual hallucinations in DLB patients who were treated with the medication after 24 weeks [58] . In the authors' clinical experience, treatment of DLB with cholinesterase inhibitors leads to a more profound clinical response than treatment of AD patients. Observed responses include decreased hallucination, decreased fluctuations, and increased alertness. With donepezil, doses[ 10 mg (often 10 mg in the morning after a meal and 5 mg after the evening meal) are considered if tolerated because of the clinical response.
Memantine
Memantine, a glutamatergic NMDA receptor antagonist, may be useful in the treatment of DLB. However, research on the therapeutic effects of memantine is limited. Randomized controlled studies have shown moderate clinical improvement in the use of memantine in DLB versus placebo [59, 60] . A small-scale prospective randomized controlled trial has shown that compared with placebo memantine can improve the survival of DLB patients if initiated early on in the course of the disease [61] . In the authors' practice, it is not routinely used because of the lack of substantial clinical evidence, but can be considered.
Levodopa
The parkinsonism symptoms that may be present in patients with DLB can be managed similarly to the symptoms of idiopathic Parkinson's disease. DLB patients who suffer from parkinsonian movement symptoms can be treated with levodopa. Levodopa is preferred to dopamine agonists for the treatment of symptoms of parkinsonism in DLB. Dopamine agonists have been found to have greater potential for worsening neuropsychiatric symptoms such as hallucinations, confusion, and psychosis with less benefit in motor control than levodopa [27] . However, the responsiveness of these motor symptoms to levodopa is much less than the motor symptoms in patients with Parkinson's disease or Parkinson's disease dementia [62] . Extended follow-up of patients with DLB compared with AD who are treated with levodopa has yielded the same results. This shows that chronic long-term use of levodopa in DLB patients can yield a positive response in their motor symptoms, but not to the same extent as their peers with AD [63] . In the clinical practice of the authors, low doses of carbidopa/levodopa are often well tolerated, but moderate and high doses can precipitate worsening of hallucinations and should be used with caution.
Neuroleptics
Neuroleptics must be used with great caution in dementia with Lewy bodies. As stated previously, patients who suffer from DLB are known to have a very high sensitivity to the side effects of these medications [27] . Neuroleptics can exacerbate many of the symptoms associated with DLB, including cognitive fluctuations, motor symptoms, and dysautonomia. First generation antipsychotics should be avoided entirely in all patients with DLB. The authors often list a drug ''allergy'' to haloperidol in electronic medical records of patients who are diagnosed with DLB to further disincentivize the use of these drugs if a patient is hospitalized. If treatment of disturbing hallucinations or delusions is deemed necessary based on a major impact on patient quality of life, priority should be considered for quetiapine, which has the lowest incidence of extrapyramidal symptoms. A case series provided limited evidence for the use of quetiapine in DLB patients. Five of nine patients were found to have a positive response in a reduction of their psychotic symptoms and agitated behavior when treated with quetiapine [64] . The atypical antipsychotic olanzapine has been studied in patients with DLB. Randomized controlled trials of olanzapine in patients with DLB have produced mixed results. One RCT showed that the medication had little utility in the treatment of DLB [65] , while another RCT showed that olanzapine was capable of reducing psychosis in DLB patients with worsening of their parkinsonian symptoms [66] .
Other Treatments
REM sleep behavior disorder can be treated if this impacts patient or caregiver quality of life. The first-line therapy is typically to use melatonin at bedtime. Doses up to 15 mg may be required. If melatonin is unsuccessful, clonazepam can be used to treat severe REM sleep behavior disorder. Hypersomnolence associated with DLB was been shown to be responsive to pharmacotherapy in a small study. A 12-week open-label pilot study of the psychostimulants modafinil and armodafinil has yielded some positive results. Improvement of several assessments related to wakefulness was observed with these therapeutic agents. Caregiver quality of life was shown to improve as well [67] . Nonpharmacologic interventions have been shown to have benefit in the management of patients who suffer from DLB. A systematic review of the literature on non-pharmacologic interventions found particular benefit in exercise therapy, physical therapy, patient/caregiver education, music therapy, occupational therapy, and interventions to prevent aspiration in patients with dysphagia [68] .
Future Pharmacologics and Clinical Trials
Clinical trials specifically for the treatment of DLB have only begun in the USA in the last 2 years. The first interventional clinical trials for DLB were started by Axovant Sciences Corp. They began by developing two novel therapeutics known as intepirdine and nelotanserin. Intepirdine is a selective 5-HT 6 receptor antagonist. The HEADWAY-DLB Study was a doubleblind, placebo-controlled study to assess intepirdine's efficacy in reducing parkonsonian symptoms and improving cognitive symptoms as well as caregiver's interpretation of change and occurrence of adverse events evaluated by investigators. An additional trial to assess intepirdine's effect on gait was also completed. Unfortunately, preliminary results made recently available have shown that intepirdine made no significant difference compared with placebo for all study endpoints. While intepirdine was generally well tolerated in these studies, neither 35 mg nor 70 mg of intepirdine was found to make a significant difference in motor function, cognition, global function, or gait impairment [69] [70] [71] .
Nelotanserin is a second novel therapeutic undergoing clinical trials as a treatment for DLB. Nelotanserin is an inverse agonist of serotonin receptors of the subtype 5-HT 2A . Randomized clinical trials are ongoing to assess nelotanserin's safety and tolerance based on the incidence of adverse effects. These ongoing randomized-clinical trials are also observing changes in extrapyramidal symptoms and frequency of visual hallucinations; an open-label study is ongoing as well. Results are not yet available from these studies but prespecified analyses of the DLB patient subset have shown improvement in parkinsonian symptoms [a 4.00-point improvement in the Unified Parkinson's Disease Rating Schedule (p = 0.041, unadjusted)] when nelotanserin was compared with placebo. In patients with a baseline Scale for the Assessment of Positive Symptoms [ 8.0, nelotanserin treatment at 40 mg for 2 weeks followed by 80 mg for 2 weeks led to a 1.21 point improvement (p = 0.011, unadjusted). However, this improvement was not observed in the entire evaluable population. Nelotanserin was also generally well tolerated in the patients involved [72] [73] [74] .
Several other companies have begun interventional clinical trials for DLB. Eli Lilly and Co. are openly recruiting for the Presence Study for patients with Parkinson's disease dementia and DLB [75] . This phase 2 study will be using a dopamine D1 receptor potentiator to look at a cognitive primary end point. Eisai, a Japanese pharmaceutical company and the maker of donepezil (Aricept), plans to open a phase 2 study for its drug E2027, a selective phosphodiesterase-9 inhibitor, in DLB patients [76] . This study will also pursue a cognitive end point.
Stem Cell Therapy
Stem cell therapy has been hypothesized as a treatment modality for DLB. Researchers developed an immune-deficient transgenic DLB murine model that exhibited progressive accumulation of human alpha-synuclein inclusions as well as cognitive and motor impairments, similar to that of patients suffering from DLB. Following grafts of human neural progenitor cells (CNS10-hNPCs), behavior assessments of the experimental murine model were completed at 30 and 90 days. Transplantation of these cells was found to rescue motor and cognitive deficits among the experimental murine model. Restoration of dopaminergic and glutamatergic regulation was additionally observed [77] . Although these animal study results are promising, clinical translation of these human neural progenitor cells may be complicated by the fact that immunosuppressive medications such as tacrolimus have been shown to modulate alpha-synuclein pathology [78] .
CONCLUSIONS
While a great deal of progress has been made in the accurate diagnosis and effective treatment of DLB, important developments are still ongoing. Translational research activities developing new treatments for DLB are ongoing, and it will take time to understand the clinical impact. Raising awareness about DLB among the general population and physicians continues to be an important goal among advocates of DLB patients. Diagnosis of the disease is primarily clinical and requires primary care, specialty physicians and caregivers to remain vigilant for the early manifestations of DLB. It is the responsibility of the medical community to make the resources necessary for disease management available to patients and caregivers when faced with a diagnosis as daunting as DLB.
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